Resumo: As arboviroses Dengue, Zika e Chicungunya são importantes problemas globais de saúde pública, que podem ser transmitidas, principalmente, durante o repasto sanguíneo do mosquito Aedes aegypti. A prevenção destas doenças é realizada comumente através do controle ambiental do inseto por métodos químicos, físicos ou biológicos, em seus estágios larval e/ou adulto. Produtos naturais têm sido estudados como alternativas químicas mais seguras e eficazes, empregando-se extratos, frações e compostos isolados. Baseados em um artigo de Santos e colaboradores, os quais relatam a atividade larvicida de monoterpenos e compostos análogos em Aedes aegypti, este trabalho apresenta uma forma não usual de seleção de variáveis, baseada no Agrupamento por Coeficientes de Variação (CCV), visando gerar um modelo de classificação através da técnica SIMCA, capaz de auxiliar na busca por compostos com maior potencial larvicida.
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Introduction
The viral infections called "Dengue", "Zika" and "Chicungunya" are important public health problems that affect mainly tropical countries, which are characterized by large differences in income distribution, as well as in sanitary and urban conditions. 1 These viruses are transmitted to humans mainly by the bit of the females of Aedes aegypti mosquitoes, which develop their initial larval stages under relatively higher temperatures, using exposed vessels containing standing water. 2, 3 The actions to combat these diseases are primarily focused on prevention, basically through the interruption of the mosquito life cycle and its dissemination by chemical, physical or biological methods, as well as their combinations. 4 The use of chemicals is one of the most used, considering the practicality and effectiveness binomial. However, the inherent environmental and toxicity risks of approved substances, beyond of the possibility of the resistant phenomena, make this method complementary to the actions of surveillance and environmental management. 4, 5 In an attempt to circumvent this scenario, the use of natural products has emerged as a less harmful and promissory alternative within chemical methods, considering extracts, their fractions as well as isolated compounds. 6 In this context, the literature reports experimental and chemoinformatic efforts in the search of molecules with potential activity against Aedes aegypti.
7-11 Our research group has been working with a data set of 55 monoterpenes and analog compounds with larvicidal activity, early related by Scotti and coworkers 9 , providing QSAR models using classical and field (3D) descriptors 10, 11 . Thus, in continuity to the chemoinformatic studies and investigations, this work brings as contribution the proposition of a classification model based on Principal Component Analysis (PCA), known as SIMCA (Soft Independent Modelling by Class Analogy), evaluating new aspects of the structure-activity relationships as well providing another computational tool to reduce the time, cost and efforts to the rational molecular design, proposition and screening of new analogs with larvicidal potential.
Material and Methods
Molecular structures and geometry optimization
Molecular structures of 55 monoterpenes and analogs ( Figure 1 ) were constructed using ACD/ChemSketch 12 free software and the inputs for geometry optimizations were edited on GaussView 6 ® . 13 An initial optimization was computed by PM6 semiempirical Hamiltonian, with a further refinement by DFT-B3LYP/6-31G+(d) level of theory, with calculation of vibrational harmonic frequencies. The calculations were done by GAUSSIAN 09W
® program 14 at CENAPAD-UFC (http://www.cenapad.ufc.br/) cluster environment.
Molecular descriptors were calculated using Dragon ® software 15 , generating more than 5000 different variables, representing contributions of functional groups, as well as topological and geometrical properties. The IC50 larvicidal activity values on Aedes aegypti were obtained from the paper of Scotti and coworkers 9 , and transformed to the -Log(IC50) = pIC50. With this transformation, more active compounds assume higher values. As a preprocessing, descriptors with the low standard deviation (less than 0.1) and zero values were discarded.
The samples set (55 molecules) were classified on active (MA) or inactive (MI) group, with 30 and 25 compounds respectively. Hierarchical Cluster Analysis (HCA) and data set analysis was used on this step, and, basically, the compounds with pIC50 values lower than 3.0 were considered "inactive".
Variable selection procedure was done using a method based on the "Clustering Coefficient of Variation" (CCV), related in 2014 by Fong 16 and coworkers, where the CV (Coefficient of Variation) corresponds to the standard deviation divided by the mean, for each variable. However, the exact method used by us -the sequence of all steps for the variable selection -was not exactly found in the literature, to the best of our knowledge.
After that, selected descriptors were added into a matrix together with a priori variables, previously related by our research group in a QSAR purpose 11 , being the new matrix submitted to an initial exploratory Principal Component Analysis (PCA). Based on loading values, as well in the tendencies to active or inactive clusters on scores plot, the number of variables was reduced, and a final Soft Independent Modeling of Class Analogies (SIMCA) was constructed using the active set (MA). A test set was defined and composed by 7 frontier samples (5a, 26a, 51a, 53a, 30a, 42a, 48a), from the initial 30 MA set, plus the 25 considered inactive (MI). The SIMCA training set was composed by the remained 23 actives, corresponding to the samples from the core distribution, aiming to generate a final predictive model. 
Results and Discussion
The relative structural simplicity of the monoterpenes and analogs, considering the little number of atoms and presence of rings (rigid profile), turns the geometry optimization to the minimal a less complex and reliable process, aiming the determination of the molecular descriptors by the Dragon ® software.
After the discard of descriptors with low standard deviation (less than 0.1) and zero values, the remaining 687 variables were submitted to a variable selection procedure, based on Clustering Coefficient of Variation (CCV) method. The CVV-based algorithm, described below, was not found in the literature (to the best of our knowledge), and was thought for us, in the way it was done. The Coefficient of Variation CV was calculated about all 687 descriptors, considering each group (MA and MI) separately. For the next step, only variables with 1.0 < CV < 2.5 were considered, which would guarantee the homogeneity of the values of the variable for the respective set (CV < 2.0), without however having a null variation (CV > 1.0), with the risk of do not bring any information.
The idea presented by us, behind of the use of CV, was that the first requirement for a variable to provide a good representation for a group is that it has a homogeneous distribution between the samples of this group. For this reason, the CV was chosen for being one way to express the data variability taking the influence of the numerical magnitude.
On the other hand, the values of a variable should be considerably different between different groups in an effective classification model, which is the second one required to improve the classification power. For fulfill this requirement, considering the little number of samples, the molecular descriptors as non-parametric data as well that the size of the groups were different, the method chosen was the classical Mann-Whitney test (MW). The logic of this test is the same as the t-test: a certain test statistic is calculated and the pvalue is obtained from the sample distribution of this statistic, under the null hypothesis.
The difference of MW is that, instead of constructing this statistic with original data, they are previously converted into ordinations. The advantage is that the assumptions of normality and homogeneity of the variances are not necessary, allowing more general results. In their interpretation, the acceptance or not of the null hypothesis is made by the analysis of the U number. This number is calculated as the sum of the orders of the values for the variable on each separated group, where a crescent sequential order (1º, 2º…nº) of the numerical values must be previously defined, using all absolute values of both groups in a unique column. The lower the U value, the greater is the evidence that the populations are different. This is because U is the sum of orders, so its value will be low if in category A are the first values of the order (obviously in B will be the data of higher order). Then, the possible difference between the populations is evidenced. In addition, p-value can be analyzed, disregarding the null hypothesis of equality between the groups if p < 0.05 (for 5 % of significance).
In this way, seven variables were selected by the CVV-based algorithm (CV < 2.5 and > 0.1 into groups and less U value after MW test), and were added into a matrix, plus five a priori descriptors, totalizing 12 variables (Table 1 ). Figure 2 shows the initial exploratory PCA for this data set about all 55 compounds, constructed with 3 PC´s, where can be noted the influence of descriptors on clustering by the loadings plot. It can be noted that the scores plot already shows an initial separation between MA and MI clusters, but with only 66 % of the total variance explained (PC1 = 33 %; PC2 = 16 % and PC3 = 13 %). After a loading based exhaustive search, the most representative variables that provided a good visual separation of MA and MI clusters were five, three from initial five a priori, and two from seven selected by the CCV-based algorithm: MLogP, R8u, nCt, Eta_sh_x and ChiA_Dz(Z).
The SIMCA procedure was made using as reference the thirty compounds of MA set, considering 23 for training and 7 for external test set ( Table 2 ). The best classification model was composed of four PC's, with a total explained variance of 95 %, which represents an excellent exploitation of overall information. Using this model, their correct classificatory power was evaluated for all the 55 compounds (23 of training and 32 of the total test set). Table 2 shows the molecules and their classifications. As the model is based on active compounds, it is expected that the calculated descriptors for the inactive compounds will not be able to classify them into the model. On the other hand, the seven active compounds of the test set may be classified into the model.
In fact, considering the seven active samples tested, only 51a was incorrectly classified. However, observing the pIC50 value for 51a (3.11), we can conclude that this compound is in a frontier between active and inactive, which reinforces the good capability of the model that, in practice, was able to predict 100 % of training and 86 % of the test set (only one wrong). Considering the other 25 compounds of the test set, corresponding to the inactive group, only three were wrongly classified (20i, 38i, 40i), corresponding to a hit rate of 88 % in not classifying then as actives (the expected).
Explaining these results, we can observe that the compound 20i has all the values of descriptors similar to active molecules (Table   1) , as for example, the compound 12a. However, it appears that the presence of the carboxylic acid group on the structure tends to impair the experimental value of pIC50, what is reinforced when we observed the activity value of 12a (3.09), which represents on the lowest threshold of the active set. For the molecule 38i (2.59), the similar way can be explained in comparison with 5a (3.47), where it appears that the hydroxyl group position significantly influences the larvicidal activity. Finally, compound 41i can be considered an anomalous compound together with 41a, with which it bears structural and descriptors similarity. However, it is perceived that the size of the chain influences the potency, being the 41a (3.51) more active (although the value of 40i is not negligible (2.85), analyzing the cutoff used). In addition to the classification model generated, the chemical sense of the descriptors is very important on the establishment of structure-activity relationships, aiming to understand the molecular reasons of the activity and proposition of new compounds, beyond of the intrinsic predictive power of the SIMCA plot.
MLogP is the Moriguchi-Log of the coefficient of partition on octanol/water system. It is a general measure of the lipophilicity of the compounds, where higher values lead to be more actives.
11 In turn, nCt is a descriptor that considers the absolute number of tertiary carbons when more ramified molecules have higher values of the descriptor and tend to be less actives, while the R8u is an autocorrelation descriptor, based on the lag of 8 atoms, without any correlation scheme.
11 As higher their value, most elongated is the structure, what leads to an increment on activity. Then, compounds elongated and with a 1,4-substitution pattern on the ring, tend to be more actives. ChiA_Dz(z) and Eta_sh_x are indexes firstly related here to the larvicidal activity of monoterpenes and analogs, selected by the CCV-based algorithm. The first corresponds to the "average Randic-like index from Barysz matrix weighted by atomic number".
11
17 The Barysz Distance Matrix (Dz) is a weighted distance matrix accounting for the presence of heteroatoms and multiple bonds. In general, less active molecules have higher values of this descriptor, reinforcing the idea that more electronegative atoms (that in general has a higher atomic number, as oxygen) into the basic scaffold of the compounds ("heteroatoms"), tend to lose the active power. This is in accordance with other descriptors discussed by us. 10 Finally, the Eta_sh_x descriptor is the "eta x shape index", which is easily computed from the information of molecular composition and two-dimensional representations. 18 The general aspect of "ETA" formalism is performed using the hydrogen suppressed molecular graph-based distance matrix. 18 For this descriptor, higher values lead to less active compounds, corresponding to a dense and branched distribution of atoms. Compounds 1i-4i are representatives of this aspect.
Conclusion
The strategy to eliminate the Aedes aegypti with the use of different insecticide and larvicidals (organophosphates, pyrethroids and growth regulators) has resulted in the growing vector resistance and environmental toxicity. The CCV-based algorithm was able to select important molecular descriptors, aiming to generate a predictive classification model for monoterpenes and analog compounds with larvicidal activity in Aedes aegypti.
The steps related here represent a low cost and time method, can be applied and tested in other SIMCA procedures involving constitutional, topological and connectivity index, as Dragon molecular descriptors. For the presented specific data set, two important molecular descriptors were highlighted, together with three others a priori variables. Compounds with less ramified structures, less electronegative heteroatoms, more lipophilic and elongated scaffolds tend to be more actives, corroborating previous works of our research group. The main goal in this paper is that the classification model showed a good degree of predictability and can be used, allied to other models or chemoinformatic tools, for the search and test of structurally related compounds.
